Ferula ferulioides (STEUD.) KOROVIN (Umbelliferae) grows in Bulgan Somon of Hovd City, Mongolia, and has been used as a traditional medicine. In previous papers 1) in this series, [2] [3] [4] we reported the isolation of prenyl-furocoumarintype sesquiterpenoid derivatives (1-4) from F. ferulioides. Those coumarins are 3-prenyl-furocoumarin-type sesquiterpenoid derivatives, in which the prenyl side chain is attached to the C-3 position of the furocoumarin moiety.
1.31, d, Jϭ7
Hz; d C 14.1) and to a tertiary methyl group (d H 1.46; d C 20.5) at C-2 revealed the presence of a dimethyldihydrofuran moiety.
We confirmed the location of the coumarin, furan, and prenyl side chain units based on a heteronuclear multiplebond correlation (HMBC) spectrum. The structure of the side chain was deduced from a nuclear Overhauser and exchange spectroscopy (NOESY) experiment, in which crosspeaks were observed from the H-3Ј/H-5Ј and H-7Ј/H-9Ј pairs. This indicated an E configuration for the C-3Ј-C-4Ј double bond. Thus, compound 5 was identified to be 2,3-dihydro-7-hydroxy-2,3-dimethyl-2-[4,8-dimethyl-3(E),7-nonadienyl]-furo [3,2-c] coumarin.
Compound 5, like compounds 1-4, is presumably a racemate at the chiral centers C-2 and C-3, because it showed an optical rotation of Ϯ0°([a] D 22 ). Compound 6 had an [M] ϩ peak at m/z 382.2143 (C 24 H 30 O 4 ). Although the 1 H-and 13 C-NMR spectra of 6 were slightly different from those of 5, especially at C-3 (5: d C 41.9, 6: d C 44.3), C-1Ј (5: d C 41.7, 6: d C 35.2), and Me C-2 (5: d C 20.5, 6: d C 25.4). The HMBC experiment suggested that the planar structure of 6 was the same as that of 5. Therefore, 6 may be a diastereomer of 5 at chiral centers C-2 and C-3. A series of NOESY experiments was carried out with 5 and 6 to identify the relative stereochemistry of the dimethyldihydrofuran moiety at C-2 and C-3. Cross-peaks between H-3/H-Me C-2 were observed in 6, but not in 5, while those between H-3/H-1Ј, H-3/H-2Ј, and H-Me C-2 /H-Me C-3 appeared in 5. These NOE results indicated that the relation between the Me C-2 and Me C-3 is cis in 5 and trans in 6. Thus, compounds 5 and 6 were identified to be 2,3-dihydro-7-hydroxy-2S*,3R*-dimethyl-2-[4,8-dimethyl-3(E),7-nonadienyl]-furo[3,2-c]coumarin and 2,3-dihydro-7hydroxy-2R*,3R*-dimethyl-2-[4,8-dimethyl-3(E),7-nonadienyl]-furo[3,2-c]coumarin, respectively.
Compound 7 showed an [M] ϩ peak at m/z 396.1937 (C 24 H 28 O 5 ). The 1 H-and 13 C-NMR spectra of 7 were similar to those of 5, except for the presence of one more carbonyl signal (d C 199.5) assigned to C-6Ј. Compound 7 is thus 2,3- Compound 8 had an [M] ϩ peak at m/z 394.1780 (C 24 H 26 O 5 ). The 1 H-and 13 C-NMR spectra of 8 were similar to those of 5, except for the presence of a 4-methyl-2-furyl system (d H 1.97, 5.85, 7.06; d C 9.80, 108.9, 120.5, 137.8, 154.0) at C-5Ј in place of the trisubstituted olefin present in 5. Compound 9 had an [M] ϩ peak at m/z 394.1774 (C 24 H 26 O 5 ). The 1 H-and 13 C-NMR spectra of 9 were slightly different from those of 8, especially at C-3 (8: d C 42.0, 9: d C 44.3), C-1Ј (8: d C 41.5, 9: d C 35.0), and Me C-2 (8: d C 20.4, 9: d C 25.4), but these signals were similar to those of 6. The HMBC experiment suggested that 9 may be a diastereomer of 8 at chiral centers C-2 and C-3. A series of NOESY experiments was carried out with 8 and 9, and cross-peaks were observed from the pair H-3/H-Me C-2 in 9, but not in 8. These NOE results together with the chemical shifts of the carbon signals indicated that the stereochemistry of 8 and 9 is same as that of 5 and 6. Thus, compounds 8 and 9 were assigned to be 2,3-dihydro-7-hydroxy-2S*,3R*-dimethyl-2- The chemical shifts of the 1 H-and 13 C-NMR spectra were very similar among compounds 5, 7, 8, 10, 12, and 13, indicating that they have same relative stereochemistry, the cisrelation between Me C-2 and Me C-3 . In contrast, the chemical shifts of these compounds were slightly different from those of 6, 9, and 11 which have the trans-relation between Me C-2 and Me C-3 . Compounds 5-13 were racemic compounds, since they were optically inactive.
In a previous paper, we proposed a biosynthetic pathway leading to the sesquiterpenoid compounds 1-4 isolated from F. ferulioides. 1) Isolation of compounds 5-13 described in this paper suggests the presence of an additional biosynthetic route branched from the hypothetical precursor C as described in Fig. 2 .
The hydroxylation of the vinyl group of the intermediate C through hydration leads to the formation of the hypothetical intermediate D, which is then converted to the third hypothetical intermediate F by intramolecular esterification. Furthermore, the dehydration of F leads to compounds 1-4. On the other hand, the rearrangement of the C6-C3 moiety of the intermediate C to the C-2 position of the farnesyl moiety may lead to the formation of a hypothetical intermediate E, which is then converted to the hypothetical intermediate G by intramolecular esterification. Furthermore, the dehydration of G leads to compounds 5-13. It will be interesting to examine the pharmacological activities of the sesquiterpenoid derivatives isolated from F. ferulioides.
Experimental
General Procedures NMR spectra were recorded on a JEOL JNM-A500 spectrometer in CDCl 3 with tetramethylsilane (TMS) as an internal standard. Electron-impact mass spectra (EI-MS) were recorded on a JEOL JMS-DX300 spectrometer. Optical rotation was measured with a JASCO DIP-4 digital polarimeter. IR spectra were recorded on a Shimadzu FTIR-8100 spectrometer.
Plant Material The roots of F. ferulioides (STEUD.) KOROVIN were collected in July 1996 at Bulgan Somon of Hovd City. Voucher specimens have been deposited in the Botanical Department of Mongolian State University.
Extraction and Isolation The dried and pulverized roots of F. ferulioides (400 g) were extracted successively with methanol under reflux. After evaporation of the solvent, part of the methanol extract (40 g) was partitioned between ethyl acetate and water. The ethyl acetate layer was evapo- rated under reduced pressure. The residue was chromatographed on silica gel with hexane-ethyl acetate (10 : 1-1 : 1) to afford 12 fractions. Fraction 4 was subjected to RP-18 Lober chromatography (80% CH 3 CN) to give 10 (5 mg), 11 (5 mg), and 13 (7 mg); fraction 6 was subjected to RP-18 Lober chromatography (45-65% CH 3 CN) to give 5 (7 mg) and 12 (4 mg); fraction 7 was subjected to RP-18 Lober chromatography (65% CH 3 CN) to give 6 (2 mg); fraction 8 was subjected to silica gel chromatography with hexaneethyl acetate (10 : 1-1 : 1) to give 8 (5 mg) and 9 (3 mg); and fraction 11 was subjected to RP-18 Lober chromatography (55-60% CH 3 CN) to give 7 (4 mg).
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